Hypersonic Flight Vehicle Aerodynamic Parameters Identification and Input Design Technology Research by 李超
 
 
学校编码：10384                        密级      分类号     










Hypersonic Flight Vehicle Aerodynamic Parameters 




指导教师姓名：吴了泥  助理教授 
专 业 名 称：机械工程 
论文提交日期：2014 年 4 月 
论文答辩时间：2014 年 5 月 
学位授予日期：2014 年  月 
 
答辩委员会主席：          
评    阅    人：________ 
































另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的




声明人（签名）：        



































（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于     年   月   日解密，解密后适用上述授权。 






声明人（签名）：          



















摘  要 
论文研究高超声速飞行器气动参数辨识方法。针对高超声速飞行器的对象特
性，着重研究主动激励技术，通过高超飞行仿真和无人机试飞验证了多正弦激励








































In this paper, aerodynamic parameter identification for hypersonic vehicle is 
studied. Active excitation technique is studied at the basis of the characteristics of 
hypersonic aircraft model analysis. Hypersonic flight simulation and UAV flight 
demonstration are to validate the feasibility of multisine input and contrast 211 and 
multisine input. In addition, in that the Newton-Raphson algorithm requires an initial 
value and is easy to fall into local optimal value, etc, the paper design PSO algorithm 
based on maximum likelihood criterion. 
The main work and results of this paper are as follows: 
Firstly, the model features of the hypersonic aircraft are analyzed. The 
hypersonic flight vehicle characteristics of rapid changes in the state are studied. 
Nonlinear aerodynamic parameters are analyzed. Uncertainty of dynamic pressure 
measurement, dynamic derivative measurement, and models is discussed. The overall 
identification scheme based on characteristics object. 
Secondly, the design scheme and evaluation criteria of input signal for 
hypersonic vehicle are studied and validated based on the flight mission. In order to 
obtain better identification results, active excitation is required to motivate the motion 
modes of the vehicle. The principle of stimulation design is studied, the feature of 
typical input is analyzed and the scheme of input is established. The scheme of 
multiple-input is designed, aiming at the requirement of hypersonic vehicle. The 
principles of parameters measures and non-parameters measures are given. The 
necessity, the excitation way, the design criteria for amplitude and frequency of active 
stimulation are studied through the hypersonic vehicle model simulation. Multisine 
and are compared with 211 input when feedback control system is oprerating. For 
there is no engineering precedent applying multisine input to in domestic, multisine 
input is validated on the unmanned aerial vehicle (UAV) platform.  















nonlinear characteristic candidate model described by higher-order aerodynamic 
parameters is designed and nonlinear identification of aerodynamic parameters is 
realized. 
Finally, the particle swarm optimization based on the maximum likelihood 
criterion is developed to estimate the aerodynamic parameters of hypersonic vehicle. 
Then the designed optimization algorithm is applied on the data of hypersonic vehicle 
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序号 数学符号 描述 单位 
1 V  空速 m/s 
2   迎角 deg 
3   侧滑角 deg 
4   滚转角 deg 
5   俯仰角 deg 
6   偏航角 deg 
7 P  滚转角速率 deg /s 
8 R  偏航角速率 deg /s 
9 Q  俯仰角速率 deg /s 
10 NP  北向位置 m 
11 EP  东向位置 m 
12 H 高度 m 
13 e  升降舵 deg 
14 a  副翼 deg 
15 r  方向舵 deg 
16 p  油门 / 
17 m 质量 kg 
18 g 重力加速度 m/s2 















20 N  偏航力矩 N·m 
21 M  俯仰力矩 N·m 
22 xI  绕 x 轴的转动惯量 kg·m 
23 yI  绕 y 轴的转动惯量 kg·m 




26 S 机翼面积 m2 
27 b 翼长 m 
28 Ab  平均气动弦长 m 
29 q 自由流动压 kg/(mt2) 
30 DC  阻力系数 / 
31 LC  升力系数 / 
32 LC
  升力系数对迎角的偏导数 1/deg 
33 eLC
  升力系数对升降舵偏转的偏导数 1/deg 
34 YC  侧力系数 / 
35 YC
  侧力系数对侧滑角的偏导数 1/deg 
36 rYC
  侧力系数对方向舵偏转的偏导数 1/deg 
37 D 阻力 N 
38 L 升力 N 
39 Y 侧力 N 
40 MC  俯仰力矩系数 / 
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